The purpose of this research was to identify the relationship between task performance and menstrual cycle. The difference of performance on menstrual cycle phase was investigated. The task was the mental arithmetic task which involved the non-sequential and higher order cognitive processes. The duration of the experiment was twenty minutes. Two-way analysis of variance by repeated-measures design was used to examine the differences in task performance between phases and temporal variations. Results showed that there was a significant difference in correct input time during temporal variations though there was no significant difference between phases. Moreover, the relationships between phases and intra-individual variations in task performance were examined using coefficient of variance (CV). CVs were plotted in three dimensions to examine the relationships between intra-individual variations and phases. Based on CVs, the subjects who showed differences were classified into two groups: those with a small difference in three phases and those with a difference every phase. The phase which indicated large CV changed with individuals.
Introduction
In Japan, the participation of women in the labor force is considered important, and the number of female workers has increased in many fields. Moreover, in Japan, an equal employment opportunity law as well as basic laws for a gender-equal society has been enacted. Working conditions for women have been examined and improved. Nevertheless, the physical and mental stress involved in jobs and in daily life may have negative effects, and there are still many problems related to female health that remain to be discussed. The menstrual cycle is one of these remaining issues.
The biological rhythm of women is typically that of the menstrual cycle. This biological rhythm is influenced by diverse factors, which can have various side effects. The normal menstrual cycle can easily become erratic in response to extreme stress, and some women may suffer from Premenstrual Syndrome (PMS) and amenorrhea (Woods et al., 1998) .
Several previous reports have found a close relationship between the biological rhythm of the menstrual cycle and task performance. Walker (1997) examined previous theories and studies which had considered the relationships between menstrual cycle and psychological state. Walker also examined the relationship between cognition and task performance and states that women's beliefs about and attitudes towards menstruation are diverse, and that the relationship between the menstrual cycle and cognitive processes is similarly variable. Asso (1987) examined sex differences on circadian variations in performance, and the relationship between performance and menstrual and circadian rhythms. Dalton and Holton (1999) reported that certain mental and physical capacities change in women in relation to the menstrual cycle. Moos (1968) menstrual phase. The MDQ measures responses regarding the physical and psychological symptoms experienced during the menstrual cycle. The results reveal that women primarily report having symptoms in the premenstrual and intermenstrual phases. Moos (1968) also classified mental symptoms attributed to the menstrual cycle, and in a later work (Moos et al., 1977) reports on an attempt to develop an empirical typology of menstrual cycle symptoms. Hartley et al. (1987) described a specific relationship between memory and the menstrual cycle, in which, during ovulation, linguistic inference was slower in complex sentences and scores for recalling thesaurus lists were lower; furthermore, during premenstruation, women showed decreased recollection of aurally presented thesaurus lists. Additionally, the subjects reported pain during premenstruation on the MDQ. Kumari and Corr (1996) suggested that the effects of the menstrual cycle, conceptualized as partly arousal-based, interact with situational manipulations of arousal to influence performance on intelligence tests.
In contrast, Birch et al. (1999) reported only negligible effects of the eumenorrheic menstrual cycle on both manual lifting capacity and the perception of lifting ability. Furthermore, the subjective response to lifting, in the form of perception of exertion and experience of acute back pain, was unaffected by specific menstrual cycle phases. Nakatani et al. (1993) reported that the menstrual cycle did not influence cognitive, physiological, or subjective performance during digit identification. Gamberale (1985) reviewed the experimental results of the effects of menstruation on task performance and subsequently produced guidelines offering recommendations for suitable working conditions for women. This report indicates that the desire to perform to the best of one's ability was most affected by motivation and perceived exertion.
Nevertheless, it is a fact that some women experience physical and emotional symptoms related to the menstrual cycle, and it is believed that the menstrual cycle affects some women's capacity to work. While responses to menstrual phase will vary from person to person, a large sample size may offset those differences and produce a consistent phase-related pattern. Therefore, it is necessary that the effect of the menstrual cycle on different individuals be examined and compared. A brief overview of the related literature illustrates the diversity of results obtained from studies investigating the effects of the menstrual cycle on various types of work and on specific physiological tasks. However, a few studies to date have investigated the relationship between the menstrual cycle and task performance.
In this study, we examined the effects of the menstrual cycle on task performance, using a mental arithmetic task considered to involve non-sequential and higher order cognitive processes. It is difficult to quantify the exact degree of influence of job stress. We selected subjects whose jobs were not stressful, to suppress the influence of job stress on our findings.
Methods

Menstrual cycle
The menstrual cycle is generally classified into four phases: menstruation, the follicular phase, ovulation, and the luteal phase. These are defined as follows: menstruation, from the first date of bleeding until five days after the first date of bleeding; follicular phase, between menstruation and ovulation; ovulation, the day when basal body temperature is at its lowest; and luteal phase, between ovulation and menstruation.
We selected menstruation, the follicular phase, and the luteal phase as indices of physical changes. These phases are considered important due to known remarkable changes associated with them (Anse et al., 1994; Kasamatsu et al., 1997 Kasamatsu et al., , 1999 .
Subjects
The inclusion criteria for subjects in this study were as follows: single women with a regular menstrual cycle, who did not take hormones or other drugs, were not pregnant, and who did not smoke during the six months prior to the experiment. To define the menstrual cycle, the basal body temperature was taken and recorded every morning for three months prior to the beginning of the experiment. The basal body temperature of all subjects was divided into low and high temperature periods, the number of days in the menstrual cycle was determined to be within the normal range, and the subjects' menstrual cycle was confirmed to be fairly regular. All subjects were college students, of 20-23 years of age. A total of 18 subjects (designated A-R) performed the mental arithmetic task during each of the three phases.
Experimental procedure for the mental arithmetic task
This experiment involved a mental arithmetic task involving the addition of two digits (Fig. 1 ). The addition problem was shown on a video display terminal (VDT), and there is no answer that the same figure queues up such as 22, 33. The screen did not advance to the next problem until a correct answer was entered using the number pad. If the input answer was correct, the next problem was displayed for 0.5 seconds, and the process was repeated. If the answer was incorrect, the system waited for the correct answer to be entered. The physiological measurement indices were ECG (electrocardiogram) and EEG (electroencephalogram). The analytical results of these indices will be reported in another paper.
The duration of the experiment was twenty minutes.
The correct input time was measured as the task performance index. The correct input time was defined as the interval between when the figure was first displayed to the moment at which the correct answer was entered.
Analytical methods
Variations trends in the correct input time for each menstrual phase were examined. Two-way analysis of variance by repeated-measures design with the factors being menstrual phases and time course was performed in order to examine the differences between phases and between the influences of time course. Moreover, the interaction between menstrual phases and time course and multiple comparison of these factors were examined.
Individuals experience the effects of the menstrual cycle differently, though there are the large or small differences in its effect. When considering the influence of the menstrual phase on the woman as a whole, the influence between the phases may offset by an individual difference. Therefore, it is necessary that the effect of the menstrual cycle on different individuals be examined and compared. Thus, the coefficient of variation (CV) value in every subject was plotted in a three-dimensional graph and was calculated in order to investigate the relationships between phases and the intra-individual variations of correct input time. However, it is suggested that in the future each group with similar tendencies should be classified together and be examined in terms of the phase effect group-by-group.
Results
Fig . 2 shows the trend of temporal variations on the correct input time for the 18 subjects. There was not a large difference among three phases, however there was a tendency that the variation in the follicular phase was small. Average value and standard deviation of the follicular phase were the minimum of all of three phases (Fig. 3) .
Two-way analysis of variance by repeated-measures design with the factors of phases and temporal variations was performed in order to examine the differences between the three menstrual phases and between the influences of temporal variations on the task performance. The result of the analysis of variance indicated a significant difference between temporal variations (F(19, 323)ϭ3.67, pϽ0.01). There was no significant difference in the main effect of the phases, and in the interaction between phase and temporal variation. Then, a multiple comparison using least significant difference (LSD) was examined on account of there being a significant difference between temporal variations. The results indicated a significant difference between the first half (experimental time 0-8) and second half (experimental time 11-20) of the experiment.
In addition, CVs were plotted in three dimensions, as shown in Fig. 4 , in order to elucidate the relationships between intra-individual variations and phases. Based on this figure, the subjects who showed differences were classified into two groups: those with a difference (the subject A-D, J-N, R) every phase and those with a small difference (the subject E-I, O-Q) in three phases. The phase which indicated large CV changed with individuals. The subjects whose CV values were at their maximum during menstruation are located in the area to the left, diagonally, from the subjects whose CV values were at their maximum during the luteal phase, and those whose CV values were at their maximum during the follicular phase are located between them.
Discussion
According to the results of two-way analysis of variance by repeated-measures design, there was a significant difference in correct input time during temporal variations, on the other hand, there were no significant differences between phases and in the interaction between phase and temporal variation. Therefore, there was no difference on temporal variations between phases. However, the average value and standard deviation were the minimum in the follicular phase. As a result of LSD on temporal variations, the task performance on the second half (experimental time 11-20) was lower than the first half (experimental time 0-8).
Based on the CV of correct input time, there are some types of variation in the individual that are caused by variation between phases. In some cases, such as the subjects E-I and O-Q, the CV was low in all three phases and there was no variation between phases regarding the task performance. On the other hand, some subjects showed variation in the CV of each phase. The task performance was not stable, suggesting that some subjects were influenced by physical and mental symptoms that were induced by phases of the menstrual cycle. The subjects whose CV was at its maximum value during menstruation were located close to the area of the menstruation/follicular phase on the planar graph, while those whose CV was at its maximum value during the luteal phase were located close to the area of the luteal phase/follicular phase on the planar graph. Thus, the reason for the variation in CV's distribution by phases was considered to be the following. There was a difference in the degree of influence on the task with regard to complaints concerning the menstrual cycle in each phase for every subject. The individual variation factor was found to be strongly related to the effect of the phase of the menstrual cycle in the performance of the mental arithmetic task, specifically, in correct input time. Nakatani et al. (1993) found that performance on cognitive and physiological tasks was not affected by 288 Menstrual Cycle Effects on Performance of Mental Arithmetic Task menstrual cycle. Birch et al. (1999) also reported no differences in manual lifting performance. Similarly, our study did not find differences between task performance during the different menstrual phases. Further research is needed to investigate whether there was no significant difference because of this experimental task, or there was no significant difference originally on the task performance on the phases of the menstrual cycle. Nevertheless, there were the variations between individuals in every phase. Accordingly, the influence of the menstruation cycle should be taken into consideration regarding the performance of mental tasks. We speculate that the menstrual cycle may have a different effect on the performance of different types of tasks. Many women occasionally use oral contraceptives for relief from menstrual distress. Although oral contraceptives have been available for many years in other countries, they were not easily obtainable in Japan until recently in June of 1999, and the predicted number of women who take the pill in Japan is expected to rise considerably in the future. In this study, none of the subjects had previously taken the pill. Hudgens et al. (1988) reported that normally cycling women, women on menstrual cycles generated by the regular ingestion of oral contraceptives, and men were compared for task performance, and that the ingestion of oral contraceptives influenced task performance being different from normally cycling women. Thus, we believe that the data provided by our subjects will be useful as a control group for future research purposes.
There were differences in performance even in our subjects, who had little job stress. It is worth mentioning that these experimental results might not parallel those for women having important duties or working in a stressful job. In the future, the relationship between physiological cycle and task performance will need to be clarified to elicit optimum performance during the various phases of the menstrual cycle. It is well known that women are influenced physiologically and psychologically by the menstrual cycle. The results of this study serve to deepen our understanding of the effects of the menstrual cycle in task performance. We believe that our data will be useful in future research on the various effects of the menstrual cycle and its influence in the performance of different types of tasks. This information will aid in the development of safety control guidelines for women in the workplace. In future, the effects of the menstrual cycle will be examined with particular attention to subjective assessment, physiological indices, and task performance. Coefficient variance was plotted in three dimensions to examine the relationships between intra-individual variation and phases. From this figure, the subjects (A-D, J-N, R) with a large difference and the subjects (E-I, O-Q) with a small difference were classified into subjects.
